Serum prevents glutamate-induced mitochondrial calcium accumulation in primary neuronal cultures.
The effect of serum proteins on glutamate-induced mitochondrial calcium accumulation was studied in primary cortical and hippocampal cultures using oxalate-pyroantimonate staining with electron microscopy. Cultures were prepared from rat embryos on gestational day 17-19 and cultivated for 8 days in minimal essential medium (MEM) containing 5% native horse serum. At this time cultures were exposed for 5 min to 100 micro M or 1.0 mM glutamate, followed by recovery in either serum-free or serum-containing culture medium. Mitochondrial calcium accumulation was assessed before glutamate treatment, at the end of glutamate exposure, and after 5 min, 30 min, 6 h and 24 h of recovery. Under control conditions and at the end of glutamate exposure, mitochondria contained only a few calcium deposits. If cultures were placed in serum-free medium after glutamate treatment, mitochondria were progressively loaded with calcium. At 5 min after glutamate exposure mitochondrial calcium deposits were prominent in both cortical and hippocampal cultures, followed by a further steady increase and neuronal death within 24 h. When cultures were allowed to recover after glutamate treatment in serum-containing MEM, calcium sequestration and ultrastructural changes of mitochondria were essentially absent, and neurons survived. No differences between cortical and hippocampal cultures were observed. The data demonstrate that prevention of glutamate neurotoxicity by serum proteins is associated with prevention of post-glutamate mitochondrial calcium accumulation.